N 2 adsorption measurements were performed with a Quantachrome Autosorb-1 instrument surface area analyzer at 77K. The Brunauer-Emmett-Teller (BET) method was used to calculate the specific surface area. The micropore and mesopore size distribution porosity was analyzed using the HK method and Barrett-Joyner-Halenda (BJH) method for desorption branch of the isotherms, respectively. Inductively coupled plasma optical emission spectroscopy (ICP-OES) was tested by Thermo Fisher IRIS Intrepid Ⅱ.
Oxidation of benzyl alcohol：
Benzyl alcohol (0.5 mmol) and catalyst (30 mg) were added to 1.0 mL of toluene. The reaction mixture was heated to 100 °C under mild stirring (stirring rate 300 rpm). After 12 h, the reaction completed and the catalyst was separated by centrifugation, washed with ethanol and further dried at 100 °C under vacuum. Each time, the catalyst was treated under the same conditions and used for recyclability tests. The products were determined by a Thermo Fisher gas chromatograph ISQ-TRACE 1300 equipped with a 30 m × 0.25 mm TR-5MS column, and hexadecane as a GC internal standard. The Pd loading of the spent Pd/ZDC catalysts is 0.98 wt%. The result shows that Pd loading is decreased by 22.2 percent after only 3 recycles. The TEM image of the spent Pd/ZDC is shown in Fig. S3b . Compared with the TEM image of fresh Pd/ZDC sample (Fig. S1 ), the number of Pd NPs is going down. These results show that Pd leaching could be avoided efficiently with the protection of the SiO 2 shell.
